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Abstract: 
The paper presents a curriculum design and subsequent evaluation of a 
communications systems course using Problem Based Learning (PBL) as the 
instructional methodology.   It details the rationale for implementing PBL as well as 
reporting intended learning outcomes and assessing the students’ achievements. 
i. Introduction 
Reports published by industrial bodies and professional institutions highlight the need 
for universities to equip graduates with personal and transferable skills to prepare them 
for careers in Engineering, for example [1,2]. An early example was the report produced 
by an Industry Working Party formed by the Institution of Engineering and Technology – 
IET (formerly the Institution of Electrical Engineers – IEE). This report emphasized the 
need for Engineering graduates to be able to engage in lifelong learning and be highly 
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proficient in problem solving, communications and team working skills. In response to 
this report three UK universities (UCL, University of Manchester and University of 
Bristol) supported by the IET sought funding to pilot problem based learning to 
strengthen student attainment in these areas.  
 
This paper reports on curriculum development within one of these universities and 
presents student perceptions and external evaluation data after four years of running 
the course. 
ii. Module Design Rationale 
Electronic engineering education in UK higher education has remained largely 
conventional [3] in the face of many changes in student and employer expectations 
[4,5]. The concern to diversify outcomes from a traditional electronic engineering degree 
program led to an investigation of a range of approaches to curriculum design and 
delivery. Problem-based learning (PBL) emphasizes transferable skills development 
alongside disciplinary content coverage, and therefore is one approach to satisfying the 
multiple demands now made of undergraduate education. 
 
Designing PBL courses can be challenging as lecturers integrate subject material, 
transferable skills and new teaching methods. A guiding principle comes from focusing 
on what students are expected to know or do on completion of the module. Once such 
objectives are defined, a range of activities can be considered that allows students to 
progress towards the preferred outcomes. These activities should be designed to build 
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on students’ prior learning and experiences and should be directly related to the 
assessment objectives in a constructively aligned way [6]. With this alignment in place, 
consideration can then be given to the appropriate range of relevant material that needs 
to be included in the course design and resources. 
 
iii. Implementation Model 
There are many models of PBL implementation [7]. The following sections highlight 
three major choices which must be made when implementing this approach: how much 
of the curriculum will be changed; the topics that constitute the new curriculum; and 
assessment methods. Based on [8], the approach taken was that of a ‘single module’ 
mode, where PBL is dropped into a predominantly traditional lecture-based syllabus. 
This is a cost-effective approach in terms of resourcing, but can lead to conflict as 
students are asked to move from one learning paradigm to another. As is shown in [8], 
teaching can still be delivered conventionally before students progress to problem-
solving activities (a form of project based learning [9]). In other models, conventional 
teaching resource is withdrawn completely and replaced by a ‘pure’ PBL approach, the 
model adopted in the study reported here. 
 
The elective course in which PBL was implemented was a third year, Communication 
Systems II module which runs over one term (12 weeks) and had, until the 2004/05 
academic session, been delivered conventionally through lecture and examination. 
Historically the course has focused on communications system/applications, drawing on 
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the fundamental concepts taught in the 1st year Communications Systems I module and 
the 2nd year Optoelectronics module. These attributes made it an ideal candidate for 
instruction through PBL, allowing students to develop new skills and acquire new 
knowledge but building on a framework of familiar concepts. 
 
No formal lectures were planned or delivered, except for one introduction session and 
some instruction on literature searching. This differs from some other approaches which 
have also been termed PBL [7]. The main form of staff contact was through timetabled 
Facilitation sessions, equating to two to three hours a week, with a loading bias toward 
the beginning of the problem cycle. The students worked in small groups of 5 or 6 
formed through a combination of staff and self selection. During the course of the term 
the groups were presented with four problem briefs, ranging from two to four weeks’ 
duration.  
iv. Curriculum 
The second decision relates to selecting appropriate topics and skills for the new 
curriculum. Existing syllabi may need rationalization to give sufficient time to the 
additional skills agenda. In this study, some rationalization of the curriculum did occur, 
and the transferable skills element was expressly articulated as an integral part of the 
course. The reasoning for the specific curriculum development decisions are explored 
more fully elsewhere [8,9]. The eventual module design comprised three distinctive 
areas of communication systems: radio, digital and optical, and the relevant transferable 
skill set. The parameters for writing the problem, or trigger material were then extracted 
from this high level design. In addition a set of generic skills where identified as: 
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• Criticality - Working with incomplete information. 
• Creativity - Innovative solutions. 
• Problem-solving - Locating and reframing problems in the wider context. 
• Academic development - Oral/written communication, information handling skills. 
• Personal and professional development - Team work, time management, 
collaboration. 
Table 1 demonstrates how these were formed into the 4 problem briefs. Trigger material 
was developed to provide coverage of a set of technical knowledge areas and a broad 
range of key skills. In terms of Engineering specific skills, problems increased in 
coverage over time; with early problems expecting only literature evaluation skills, while 
the last problem expected all three skill areas to be addressed. These skills were 
specifically identified in the assessment criteria for each problem.  
Table 1Summary of Problem Briefs Given to Students 
Summary of Problem Brief Technical Knowledge Engineering Specific Skills 
Produce a reference wiki for 
an Engineering Team 
working on a radio 
communications project 
Radio Propagation, 
Noise in Radio Systems 
Ability to specify search criteria 
for scientific/ engineering 
literature, evaluate the 
information, synthesize into a 
clear and concise form. 
Design a system to send 
and receive two channels of 
Sampling, quantization, 
filter specification, digital 
Ability to analyze, synthesize 
and evaluate specification 
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Composite Video from a 
75  feed over a digital link. 
signals, multiplexing / 
demultiplexing 
documents and component 
datasheets 
Design a radio link 
operating at 50Mbit/s over 
275m given the 
components specified. 
Digital signals, signal 
design, error coding, 
digital modulation, noise 
Ability to analyze specification 
documents and follow good 
practice in engineering design 
to create a prototype 
Specify the components to 
form three optical links. 
Fibre Principles, 
Detectors and 
Receivers, Optical 
Systems. 
All of the above 
An example of the trigger material used in this final problem is given below. 
MEMO: Request for Tenders; Customer Access System. 
We are bidding for a contract to build a system that will offer an end-to-end solution 
to transport data from customer access points to a central office site. The system 
will use existing multiplexer units, but you are required to specify optical 
interconnects that are required between the various units. You are required to 
design three optical links (details below). The optical link is defined as only the 
optical components; design of the electrical driving circuitry is not required. 
Link 1: Customer Units output a signal at the STM-1 rate. These signals must be 
connected to the level 2 multiplexer unit over an optical link of a maximum length of 
10 m. Many of these may be together in the network cabinet on each floor. 
7 
TE-2009-000114.R1 
 
Link 2: The level 2 multiplexers output signals at the STM-4 rate and are connected 
to level 3 multiplexers in the basement of the customer premises, which is a 
maximum distance of 500 m from the level 2 multiplexer. 
Link 3: The central office will take signals at the STM-64 rate from the customer 
site to the central office up to 80 km away. 
This is a competitive tender so proposals should make efficient use of the 
components chosen and demonstrate that a capacity upgrade of the link 3 section 
is possible, to meet future customer demands. You may assume that our 
multiplexers are lossless and noiseless. 
 
Figure 1: System Specification given to students 
v. Assessment 
The third major decision related to the methods of assessment used. De Graff 
highlighted the considerable impact that assessment has on the PBL process and 
suggested that exponents of the approach develop assessment methods which promote 
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intrinsic motivation and reward processes as well as outcomes [10]. This is a departure 
from a common model of assessment as purely a form of summative evaluation of 
student attainment. To achieve the dual aims of motivating students and rewarding 
diverse contributions to open ended problems, while providing a rigorous and 
defendable framework for grading, portfolios were used, incorporating a two stage 
submission process. At the end of each problem, problem solutions were submitted for 
formative feedback including indicative grades. Summative assessment occurs at the 
end of the program when a complete set of (revised) group problem solutions are 
submitted along with an individual narrative detailing the contributions and individual 
achievements of each student. This introduced two new concepts to students.  The first 
is the use of directly relevant feedback. Frequently, feedback is given during a course of 
study, but much of it is post-grading, where it is often ignored, or difficult to translate to 
subsequent assessment. The second new challenge was the reflective narrative which 
presented a very different written style to those commonly required of students. It also 
presented challenges for staff, in particular in evaluating the skills elements. Here 
guidelines produced by Engineering accreditation bodies can be useful, but the 
professional experience of the staff member involved was found to be most important. 
vi. Evaluation 
There can be a tension between high academic standards and what is often termed the 
‘economic imperative’ of a transferable skills approach. This difficulty can lead to 
dissatisfaction by all stakeholders if it is not clear what has been achieved. It is 
important to clarify learning objectives and assessment requirements in relation to skills 
and knowledge. At the beginning of this curriculum development process, very few 
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examples relating to electronic engineering could be found in the literature to use as a 
template, although in the last few years a number of case studies have emerged 
[11,12]. Without such exemplars showing the strengths and weaknesses of PBL, it was 
difficult to determine how success might be defined and measured. It was important, in 
the context of the single module implementation model, that appropriate plans were put 
in place to measure the effectiveness of the PBL approach.  
In order to satisfy those stakeholders with an interest in the highest academic 
standards, and those with a focus on enhancing graduate skills, two approaches were 
taken to evaluation: one strand focused on staff and institutional concerns [8,9] whilst 
the second identified and measured student achievement. This second level of activity 
was carried out by an external evaluation team, and the results are reported in section 
vii. In this section key lessons are summarized for staff considering implementing PBL 
followed by the students’ perceptions and achievement. 
a) Staff Perceptions 
As experienced, professional engineers, a wide range of tasks with relevant real-world 
applications appear to be suitable for use as trigger material. However, although many 
of these would make excellent term-long projects for students, short-time scales and 
tightly defined learning requirements demand very careful design of the problem 
material. To adequately cover the topics specified in appropriate breadth and depth is 
often the most challenging part of the design process, with both relatively easy to cover 
individually but difficult to do within a single problem. Strategies such as the three part 
problem described above or providing example systems to be analyzed and refined 
both work well to get coverage of a topic, where a simple design exercise might see the 
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group very quickly focus on a single system type. Also staging problems can be useful, 
with milestones set for specifications or additional information provided to alter the focus 
of the groups. 
A point of particular interest, the significance of which was overlooked at first, is the 
impact that the language used to define the problem has on the way students interpret 
what is being asked of them. Terms that many may use interchangeably can alter the 
students’ perception of the problem significantly. In early problems students would hone 
in on the known terms and seek to capture as much information as possible, with 
important concepts being overlooked if not expressed in familiar terms. 
For most staff the change in role from instructor to facilitator is a difficult transition to 
make. In particular facilitating open ended problems is often hard where the goal is to 
enable learning and problem solving without guiding the students toward a ‘right 
answer’. Although no model answers where proposed when problems were set, some 
simple calculations were obviously completed on a possible solution to check that the 
problem was tractable. In this study, post-doctoral researchers assisted with facilitation. 
Deliberately, these facilitators where given no prior sight of the problem specification 
and therefore only benefited from increased engineering experience. Although they 
were researchers in the communications area, they were not expected to be experts 
across all the areas covered. This worked well by enabling facilitators to assist groups in 
applying a range of approaches rather than offering targeted guidance that inadvertently 
undermines students’ problem solving efforts. 
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b) Student Perceptions 
Towards the end of the PBL module, each participating student was asked to complete 
a questionnaire which asked about their perceptions of PBL and explored some of the 
issues encountered during the module. This was supplemented by a number of focus 
groups, intended to provide a deeper insight into the issues encountered. A total of 
seven student focus groups were conducted over a three year period. The 
questionnaire was also administered over the same three years, with a total of 53 
responses gathered from participants. The findings discussed in the following sections 
are based on combinations of data obtained via a number of methods employed over 
the course the evaluation. In total, these included staff interviews, and participant/non-
participant observation as well as the measures already outlined. Student comments 
have been used to exemplify various phenomena as they emerged from the data. While 
some of the methods employed in the evaluation demanded an interpretive approach to 
the data, the authors have sought to triangulate findings across multiple methods in an 
attempt to ensure reliability of the claims made in the discussion. 
The results obtained from the questionnaire, shown in Table 2 indicated that the 
students were generally well disposed to problem-based learning; however discussion 
with them during the focus groups indicated that recognition of positive attributes 
appeared somewhat begrudged due to what was perceived as additional burdens 
inherent in PBL. The questionnaire data was compared over the three years of the 
evaluation to establish its reliability and to assess any major shifts in perception. There 
was a remarkable level of consistency observed over the three years; with mean values 
remaining relatively stable from year to year (Figure 2).  
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Figure 2 – Comparison of Questionnaire Responses 
It was clear from the responses gathered that the shift from what was a largely 
transmission-based model of learning to a problem-based approach took some getting 
used to for many of the students, particularly in relation to time management and 
information handling and filtering. The gathering and critical appraisal of information 
associated with PBL promoted a degree of insecurity among many of the students 
during early problems as they acclimatized to the new approach. It became apparent 
that many of the students considered PBL from a very strategic perspective, which was 
largely driven by their level of confidence in being able to successfully achieve the 
learning outcomes outlined in each problem brief and ultimately with the final grade that 
they hoped to achieve. During a number of the focus groups participants expressed 
feelings of insecurity which largely manifested itself in the form of grade-anxiety, a 
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phenomenon that has been recognized in other studies of PBL [13,14]. This could be 
attributed to the fact that students were attempting to map their tried and tested 
approaches to learning based on final examination to a new and more open-ended 
approach.   
Further evidence of the kind of strategic thinking employed by many of the students was 
observed in their responses to the questionnaire statement, ‘I prefer to learn through 
conventional lectures’. The large proportion who responded ‘neutral’ to this statement 
may indicate that they were somewhat torn between the intellectual and time demands 
associated with PBL and the acknowledgement of certain intrinsic benefits associated 
with the approach. This view is supported by student comments taken from two of the 
focus groups, which exemplify the more general student view. One student observed 
that PBL had provided her with a very different learning experience to that encountered 
during conventional lecture-based modules characterized the conflicting feelings 
exhibited more generally. She candidly pointed out that she would have typically 
concentrated her study towards the end of year exam during conventionally-taught 
modules, knowing this to be a very strategic approach, whilst also recognizing the 
benefit of PBL, by asserting that “with PBL I'm actually learning to understand it (theory) 
better because I'm having to apply the knowledge”. Another highlighted the shift in 
approach to the need for greater discrimination in the information gathered: “You had to 
sort through information to find what was relevant to you.” 
Unsurprisingly, time management proved to be a major issue with students who 
overwhelmingly agreed that a problem-based approach took up more of their time than 
traditionally-taught courses (96% agree/strongly agree). While teaching staff were 
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generally content that the amount of time required to complete a given problem was 
consistent with their own notional workload guidelines, the students felt that they were 
required to invest a disproportionate amount of time on PBL compared with the 
commitment required for a traditionally-taught module. This was perhaps the most 
common point of discussion during the focus groups, with students estimating that they 
were spending between ten and fifteen hours per week on PBL-related activity, a figure 
that they regarded as being significantly higher than time spent on an equivalent 
traditionally-taught module. 
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Table 2: Perception Questionnaire Responses (n=53) 
 
Apart from the issues of time and approach, students also expressed concern over 
group work and assessment requirements. The dynamic within a group can have a 
major impact on the learning experience of individual students [15]. Few students had 
previous experience of working in groups and while a small number expressed 
reservations about the equity and fairness of group assessment, they overwhelmingly 
3 (6%) 5 (9%) 13 (24%) 30 (57%) 2 (4%) 
0 (0%) 10 (19%) 16 (30%) 23 (43%) 4 (7%) 
0 (0%) 0 (0%) 2 (4%) 12 (23%) 39 (73%) 
0 (0%) 1 (2%) 7 (13%) 23 (43%) 22 (41%) 
1 (2%) 2 (4%) 14 (26%) 32 (60%) 4 (7%) 
1 (2%) 7 (13%) 23 (43%) 17 (32%) 5 (9%) 
0 (0%) 11 (21%) 27 (51%) 14 (26%) 1 (2%) 
2 (4%) 5 (9%) 13 (24%) 28 (53%) 5 (9%) 
0 (0%) 8 (15%) 24 (45%) 15 (28%) 6 (11%) 
3 (6%) 5 (9%) 21 (40%) 22 (42%) 2 (4%) 
0 (0%) 1 (2%) 6 (11%) 28 (53%) 18 (34%) 
Questionnaire Statements 
1. I like problem-based 
learning. 
2. I feel that I learn more in 
problem-based learning than 
conventional lecture-based 
courses. 
3. Problem-based learning 
takes up more of my time than 
conventional lecture-based 
courses. 
4. I have to take more 
responsibility for my learning in 
problem-based learning. 
5. I enjoy working in a group. 
6. I clearly understood the 
problem(s) given to me. 
7. I easily understood what 
was required of me in 
answering the problem(s). 
8. I was happy with the level of 
support provided by staff 
during the module. 
9. I prefer to learn through 
conventional lectures. 
10. I would like to learn this 
way again. 
11. Problem-based learning 
has made me better at 
knowing how to find and use 
information in my learning. 
Strongly 
disagree Disagree Neutral Agree 
Strongly 
agree 
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regarded working in a group as a positive experience which they felt was very relevant 
to them in their future careers.  
It was clear from observational and focus group evidence that a PBL approach 
demanded more complex approaches to communication and information management 
from the students. This included the use of e-mail and mobile communications as well 
as the University’s virtual learning environment. The need to share the gathering, 
analysis and dissemination of information was new to most students, demanding a fair 
degree of sophisticated project management and communication within and sometimes 
between groups. It also demanded that they found ways in which they could operate 
effectively outside timetabled facilitation sessions. One student comment provided an 
interesting insight into the shift in learner engagement and mindset that can be achieved 
through the introduction of PBL. 
“Even when we didn't have a meeting arranged, we'd end up talking about it (PBL) 
anyway.” 
Of particular note was the growing number of students over the course of the evaluation 
who highlighted positive responses that they had received from potential employers 
when PBL had been raised during interviews or work placements. This suggests that 
PBL is viewed positively in helping students to develop the team work and 
communication skills valued by employers. An example of this came from one particular 
student recounting the positive response he had received from potential employers 
during a number of interviews for various engineering internships when he discussed 
his PBL experience: "Some people were quite surprised because they were not aware 
of such teaching methods in engineering degrees." There is also evidence to support 
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the view that students became more sophisticated in understanding and adopting 
productive attitudes and approaches to their own learning, which should serve them well 
in their future careers. 
vii. Student Achievement 
Student assessment scores were analyzed over a seven-year period in order to 
determine whether there was any observable difference in attainment between the 
conventionally taught module and its PBL replacement (Table 3). It is important to note 
that no direct comparison is implied. The nature of the assessment regime changed 
radically from the conventional to the PBL course, drawing conclusions from a direct 
comparison of the raw marks is not reliable, but the data are presented here to 
summarize student achievement. However, other features of the assessment and 
evaluation, reported below, are notable. 
Table 3: Student Attainment and Failure Rate – Comparison of Pre-PBL and PBL 
Modules 
 
2001/02 
(Pre-
PBL) 
2002/03 
(Pre-
PBL) 
2003/04 
(Pre-
PBL) 
2004/05 
(PBL) 
2005/06 
(PBL) 
2006/07 
(PBL) 
2007/08 
(PBL) 
Mean 
Assessment 
Score (%) 60 63 51 64 68 64 63 
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Student 
Failure Rate 
(%) (<40% 
mark) 16 20 17 0 0 0 0 
The comparison of results shown in Table 3 (average exam grade Pre-PBL and 
average portfolio mark for PBL) indicates a slight upward trajectory in the mean 
assessment score from the conventional to PBL module, although with the exception of 
the 2003/04 session, this was within a single grade band (less than 10%). More 
significant was the complete drop-off in student failure rate from a mean of around 18% 
over the three traditionally-taught years to zero for the subsequent four PBL years. 
While it was clear that the introduction of PBL eliminated failure entirely on the module, 
it did prompt a degree of reflection among participating staff in relation to the methods of 
assessment employed and their ability to effectively assess the desired learning 
outcomes. There is no doubt that the shift from a purely summative end-of-year 
examination to the use of assessment tools which rewarded the problem solving 
process and collaboration and introduced elements of continuous and formative 
assessment contributed significantly to the elimination of failure. The authors recognize 
that striking the correct balance between assessment of subject knowledge and generic 
skills may require some further work based on these findings.  
The inclusion of a 10 minute oral examination (viva) in the assessment regime 
demanded a significant investment of staff time, but proved useful as a form of 
assessment which demanded a holistic approach to problem solving among and 
between student groups and promoted the assessment of process as well as outcome. 
19 
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A comment made by one of the students during a focus group highlighted the 
effectiveness of the viva in developing a shared learning experience despite the fact 
that it was accompanied by a degree of insecurity. 
"I think that is a bit of a problem because there are bits of the problem that someone 
wouldn't know...but we've got a viva. That means that everyone needs to know 
everything; so at the moment I don't know every bit of what everyone has done, but I 
think that by the time the viva comes round I'll have to make an effort to find out what's 
going on." 
A pre/post-intervention confidence log was administered to participating students during 
the 2004/05 and 2005/06 sessions to evaluate individuals’ perceptions of their progress 
over a number of topics covered by the module (Table 4). Identical logs were completed 
at the start and end of the module. A total of 28 students completed both logs, fewer 
than had been anticipated perhaps due to the fact that the logs were administered 
online. While the logs themselves do not provide the study with an objective measure of 
learning, their strength lies in their ability to provide a platform for student personal 
reflection and judgment of their learning based on the topics covered by the module. 
The results for the sample showed an increase in mean confidence for each of the 
topics covered. While this increase was somewhat modest for a number of the topics, 
the post-PBL log results did indicate that the students had moved towards the 
‘somewhat confident/confident’ categorization, with the exception of one topic which 
remained within the ‘not very confident/somewhat confident’ category. Overall 
confidence levels increased from a mean value of 3.46 to one of 2.50 across the 11 
topics. It was clear from the pre-PBL confidence log results that the students had a fair 
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degree of prior knowledge of some of the topics covered, which to some extent 
accounted for the modest increase in overall confidence. During the focus groups, 
students’ comments relating to confidence largely revolved around their ability to 
effectively discriminate between various forms of information and ensure that they were 
able to successfully complete the assessable outcomes. In this regard confidence was 
observed to be very much related to achievement, highlighting the need to ensure that 
assessment methods promote learner confidence by recognizing the multiplicity of 
solutions available for a given problem. 
Table 4: Comparison of Mean Values of Student Confidence Pre/Post-PBL (n=28) 
Topic Pre-
PBL 
Mean 
Post-
PBL 
Mean 
How confident are you in your knowledge of the 
general characteristics of semiconductor lasers - 
compared with LEDs? 
3.11 2.39 
How confident are you in your knowledge of the 
characteristics of photodetectors? 
2.89 2.71 
How confident are you in your knowledge of the 
characteristics of single mode and multimode silica 
optical fibers? 
3.07 2.04 
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How confident are you in your knowledge of the 
characteristics of plastic optical fibers? 
4.07 2.93 
How confident are you in your knowledge of the 
structure and operation of different classes of laser - 
DFB, Fabry-Perot, VCSEL? 
4.50 2.93 
How confident are you in your knowledge of 
dispersion in optical fibers? 
2.68 2.14 
How confident are you in your knowledge of optical 
power budgets? 
3.46 2.04 
How confident are you in your knowledge of S/N ratio 
and Bit-Error Rate applied to optical systems? 
2.93 2.79 
How confident are you in your knowledge of optical 
amplification (for extension work to longer links)? 
3.75 3.14 
How confident are you in your knowledge of 
SONET/SDH standards? 
4.39 2.50 
How confident are you in your knowledge of 
Wavelength Division Multiplexing (for extension work 
to upgraded systems)? 
3.25 2.68 
Key to mean values: 
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1-2 Very confident to confident 
2-3 Confident to somewhat confident 
3-4 Somewhat confident to Not very confident 
4-5 Not very confident to Not confident at all 
viii. Discussion 
Wenger’s assertion [16] that the institutional view of learning is still one which is largely 
defined by individual endeavor, where collaboration is seen as subversion and where 
the process is driven by teaching, is one that will no doubt resonate with many who 
have striven to develop new and innovative ways to promote learning. With this in mind, 
the introduction of a problem-based approach to learning and teaching can be 
demanding in terms of faculty and institutional support. However, the development of a 
curriculum which is sensitive to the issues discussed in this paper can prove very 
rewarding for both staff and students alike.   
The argument for approaches which promote collaboration among learners and offers a 
rich contextualization of theory through process-driven application is a seductive one. 
This highlights the benefits asserted by Pask in his seminal theory of learning as a 
conversation between participants, where knowledge is gathered and shared among 
communities of learners [17]. The sharing of knowledge among group members was 
widely observed, however it was clear that the students required time to acclimatize to 
the new approach. When they were asked during one of the focus groups how they 
managed individual topics and tasks associated with a given problem, some students 
expressed a lack of confidence in their ability to engage with the problems in a holistic 
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sense. This was largely attributed to their delegation of tasks to individual group 
members accompanied by a perceived lack of knowledge transfer between individual 
members. This phenomenon was exemplified in one student’s comment on the 
management of tasks during one particular problem: 
“They are quite different tasks, so if some person is doing something completely 
different to you, there's no reason why you should sort of learn it.” 
The learning environment played an important role in promoting collaboration within and 
between groups. The provision of a number of whiteboards for student use during 
timetabled sessions allowed collective engagement in the problem solving process and 
shares information and progress between different groups, promoting teachback as 
individual students explained information that they had added. This approach also 
promoted a more holistic understanding of a given problem as groups collectively used 
the facilities to test information and theories gathered at an individual level and can go 
some way towards encouraging collaborative learning. 
ix. Conclusions 
From the results of this study, it is concluded that the PBL approach can be highly 
effective in encouraging the development of the transferable skills that are valued by 
employers. In particular, staff observed students becoming adept at group working and 
enhancing their communications skills by engaging in the practices associated with 
PBL. More traditional curricula do not necessarily provide this kind of development that 
is clearly appreciated by the students as relevant and helpful for their future careers. As 
the pressures increase to redesign courses to reflect employer engagement and 
concerns, PBL can be an appropriate vehicle to ensure adequate attention is paid to 
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both curriculum content and the processes by which students become effective lifelong 
learners. However, it is noted that problems need to be carefully constructed if students 
are to achieve a balance of broad topic coverage with in-depth analysis. 
Whilst the authors caution against direct comparison of assessment scores, due to the 
very different nature of the assessment regime from the traditional to the PBL model, 
the enhanced achievement is notable. Perkins [18] suggests, motivation in learning, and 
especially to deploy what he terms ‘proactive knowledge’ should be a goal of 
contemporary higher education. By eradicating failure on the module through the radical 
redesign of assessment methods and practice, which placed greater emphasis on 
formative, group and process-related assessment, it is suggested that student 
motivation may be enhanced over time. The opportunity to actively use the subject 
knowledge gained in the module, and to apply it to a range of challenging problems, is 
more likely to encourage such proactive deployment in ways that traditionally taught and 
examined curricula cannot. The move from traditional unseen examination to a balance 
of formative and summative assessment gives students a positive sense of their 
achievements during the course of study while they still have the opportunity to address 
any weaknesses. 
If student achievement, through acting on feedback from formative activities, is greatly 
enhanced, and PBL encourages the development of transferable skills, there is also the 
potential for them to recognize a further significant benefit for their future development. 
By providing ‘non-expert’ facilitation rather than direct teaching, students can begin to 
appreciate the contingent nature of knowledge and the beneficial processes of 
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collaborative learning, including with their tutors, in the style of Pask’s conversational 
framework.  
Overall, both staff and students recognized PBL as a rewarding experience. However, it 
must be noted that for students, the uncertainty introduced by problems with no single 
solution and the need for interpretation leads to anxiety, while the loss of precise control 
of direction, the need for careful use of language and the development of appropriate 
problem staging can lead to similar anxiety in staff. 
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